ABSTRACT
INTRODUCTION
With so much scientific literature published each year, why do older papers continued to be cited? Citations are the standard means by which authors acknowledge the source of their methods, ideas, and findings and are often used as a rough measure of a paper's importance (Van Noorden, Maher and Nuzzo 2014) . Garfield (1975) noted that each scientific discipline has its own protocol regarding citations, but according to Gupta (1997) , there is a factor that appears to be universal in citation practices -that references to the past literature are distributed randomly irrespective of the time of publication; however a majority will always relate to fairly recent papers. Oppenheim and Renn (1978) found that the reasons for about 40 percent of citations to the old papers were purely historical. Given this context, the aim of this study is to give an additional insight in the citation pattern of older papers using the example of journals covering an abandoned field of eugenics which ceased publishing many years ago.
The term "eugenics" was coined in 1883 by Francis Galton, indicating "the study of the agencies under social control that may improve or impair the racial qualities of future generations either physically or mentally" (quoted in Gaither and Cavazos-Gaither 2012, p. 684) . In the early 20 th century, eugenics became a serious scientific discipline pursued by both biologists and social scientists. Eugenics researchers believed that by studying large human families in which a certain undesirable trait appeared, they could demonstrate a genetic pattern of inheritance for the trait, and such findings would justify policies aimed at removing the related genes from the population (Norrgard 2008) .
From the very beginning, the doctrine had strong opponents. Pearl (1927) described it as "a mingled mess of ill-grounded and uncritical sociology, economics, anthropology, and politics, full of emotional appeals to class and race prejudices, solemnly put forth as science, and unfortunately accepted as such by the general public" (p.260). However, eugenics was not overthrown in the scientific arena (Paul and Spencer 1995) , and the major causes of its decline after the World War II were political. Although it became stigmatised and considered as a failed pseudoscience, some authors believe that the underlying ideas have not disappeared, and that eugenics, as a concept, has played an important role in the development of new scientific disciplines (Ramsden 2006) Society until 1954 . In 1954 , it changed its title to Annals of Human Genetics. The proclaimed journals' core subjects were biology (especially heredity and selection), anthropology, racial problems, politics, religion and environment. Since these journals stopped their scientific activity more than sixty years ago, they provide an interesting example for citation patterns analysis. Larivière et al. (2008) studied the evolution of the aging phenomenon of cited literature and its changes over more than 100 years of scientific activity. The major finding of their study is that contrary to a widely held belief, the age of cited material has risen continuously since the mid-1960s. Their data suggest that in the fields of natural sciences and engineering, the importance of papers aged between 21 and 50 years has increased tremendously since the beginning of the 1970s. These older papers are not excluded from the science system but rather still play an active role in it. However, very old papers (i.e. those aged 51-100 years) have seen their importance decrease since World War II (Larivière et al. 2008 ). Verstak et al. (2014) recently documented the growing impact of the older literature, emphasising that digitisation made it easily available. On the contrary, Davis and Cochran (2015) argued that the trend to cite older papers is not fully explained by technology (such as digital publishing, search and retrieval), but may be the result of a structural shift to fund incremental and applied research over fundamental science.
LITERATURE REVIEW
Citing behaviour is not always motivated by the wish to acknowledge intellectual and cognitive influences of colleague scientists (Bornmann and Daniel 2008) . This is why simple counting of citations is often complemented with more complex content-based citation analysis. Giving an overview of content-based citation analysis at both syntactic and semantic levels, Ding et al. (2014) emphasised that the main utility of such analysis is the interpretation of a citation's value in the context of the scientific paper rather than its simple frequency. Since current research articles are predominantly structured into sections, i.e. introduction, methods, results, discussion, and conclusion(s), it became possible to analyse a citation's usefulness based on its location within the section. The first results of such content-based syntactic analysis were published by Voos and Dagaev (1976) , showing that it is possible to use the location of the cited article as indicator of its value for the author of the citing publication. Maričić et al. (1998) ranked highest the citations in the methods or results section, followed by citations in discussion and finally in introduction. In another study, Herlach (1978) concluded that the repeated mention of a given reference in the same research paper indicated a closer relationship of the citing to the cited paper.
Studies examining citation reasons and functions employ classification schemes. Comparing the history and contextual importance of eleven highly cited articles in the field of molecular genetics, McCain and Turner (1989) developed a classification scheme based on the assumption that a citation in a method section of a research paper was more important than one in the introduction section. Hanney et al. (2005) designed a complex model for identifying the importance of citations in a paper combining the number of citation occurrences and their locations in the text with the reasons behind each of them (develop, support, apply, refute, note/review only). They classified the importance of the cited papers as peripheral, limited, considerable, and essential. Oppenheim and Renn (1978) analysed 23 highly cited pre-1930 papers in the fields of physics and physical chemistry and proposed a scheme with seven categories. They classified the reasons for citation as follows: a) historical background; b) description of other relevant work; c) supplying information or data, other than for comparison; d) supplying information or data for comparison; e) use of theoretical equation; f) use of methodology, and g) theory or method not applicable or not the best one.
OBJECTIVES AND METHODS
This study aims to examine the current echo of the leading eugenics journals, which stopped their publishing activity more than 60 years ago. Our idea was to separate articles cited in historical context alone from those that still have an impact on active scientists and their research. The study attempts to answer the following research questions: a) Is there any current scientific impact of the papers published by the journals that covered controversial topics and ceased publishing many years ago? b) What are the reasons for citing these old articles? c) What is the character of the most highly cited old papers?
We decided to analyse the papers published by three eugenics journals from their first issues until the beginning of 1954 for several reasons. The support for eugenics began to decline in the mid-1950s and some authors set the discovery of the DNA structure by Watson and Crick in 1953 as a separation line between the old and the new eugenics (Matulić 2005; Wiesenthal and Wiener 1999) . The Eugenical News was discontinued in 1953, and the last issue of the Annals of Eugenics appeared in March 1954. The Eugenics Review continued to publish until 1968, but the last issue we decided to include was published in January 1954 in Volume 45, Number 4).
The first stage of our research was to find citations of articles published in the analysed period. The citation research was done in February 2015 using the Thomson Reuters' Web of Science Core Collection (2015) database available to Croatian academic institutions. We used the Citing Reference Search function covering the period from 1955 onwards. The search was performed using the abbreviated journal names in the "cited work" search field. All misquotations (year, volume, pages) were properly managed and later included in the analysis. From the search results we singled out the articles that had 25 or more citations from 2000 to 2014. This threshold for identifying highly cited papers was proposed by Plomp (1990) . Papers that had 25 or more citations from 2000 to 2014 were selected for further analysis and examined for their citations in 2014.
The second stage of our research was focussed on inspecting the content of the citing articles in order to find out the reasons for citations. The analysis was done on the 2014 sample of the citing articles because the most recent citations are a visible sign of the current scientific impact of the cited articles. We made a list of citing articles for each original paper and located full texts of more than 70 percent of all citing papers. The text and the bibliography of each available paper were examined to ensure that the respective cited article was indeed used and mentioned.
Looking for the reasons for citing the articles published in the analysed journals, we found the classification by Oppenheim and Renn (1978) especially useful, since it was developed for the analysis of reasons for citing very old papers. We modified that scheme and classified the citing articles in five categories: a) Historical reasons (first contribution to particular research problem, simple mention of the work, or as one of many cited contributing papers); b) Detailed description of the facts and theories already known in the field, and/or explanation of methodology or findings in the cited paper, but not used as a method in the citing paper, nor for comparison of results; c) Use of methods, mathematical models, quotations and calculations found in the cited article; d) Quantitative and/or qualitative comparison of the results; and e) Critical examination.
As an illustration of our classification method, we give an example of Fisher's paper published in the Annals of Eugenics in 1936.
Category 1: "These nonlinear methods have some advantages over linear methods such as PCA [15] and linear discriminant analysis [9]" (Kim and Lee 2014).
Category 2: "Discriminant analysis was introduced by Ronald Fisher (7) for two class problems (Fisher discriminant analysis, FDA) and remains to be one of the most popular methods for dimensionality reduction" (Nava et al. 2014 ).
Category 3: "This is done by using Fisher's Linear Discriminant (FLD)" (Li et al. 2014 ).
Category 4: "In this experiment we exemplify how well FBN perform as a classifier when in the presence of sparse training examples, by comparing it with several other classifiers. We use the very well known Iris flower dataset as a benchmark" (Tome and Carvalho 2014).
Category 5: "Results showing the 2-D visualization and classification performance of the data demonstrate that the extended TR-LDA method achieves better performance than other algorithms, such as PCA, LPP, MMC, CCA LDA, and MFA, in fault diagnosis" (Jin et al. 2014 ).
We expected the first two categories of citations to be found mainly in the introduction section, the third in the methods section, and the fourth and fifth in the results/discussion sections. If a citing article had two or more references to the same old article in different sections, we opted for the more relevant category. In the third stage, we focused on indepth analysis of the four most cited articles.
RESULTS
The first-stage search results showed that all cited original articles were published by two of the analysed journals, Eugenics Review and Annals of Eugenics. Only three papers in Eugenical News were cited in the analysed period, and not a single one had ≥25 citations, which excluded the journal from further analysis. The Eugenics Review published 1271 items, including all types of contributions (Vol. 1, no. 1, 1909 -Vol. 45, no. 4, 1954 , nine of which had ≥25 citations (0.7 percent). However, only one paper had ≥25 citations from 2000 to 2014. The Annals of Eugenics published 516 items between 1925 and 1954. Of these, 147 papers (28.5 percent) had ≥25 citations and 23 of them ≥25 citations from 2000 to 2014 (Table 1) . These results suggest that the Annals of Eugenics was the most virulent journal in terms of current scientific impact. Six papers stood out from the rest with more than a half of their total citation score pertaining to the last 15 years. If we single out Fisher's (1936) and Kosambi's (1944) papers, this share is even higher, exceeding 70 percent.
The second stage of our research employed content analysis approach to examine the citing articles published in 2014. Our query in the Web of Science Core Collection produced 941 papers citing 24 papers published between 1915 and 1954 (Table 1) , 23 of which were published by the Annals of Eugenics, and one by the Eugenics Review. Four articles accounted for 87 percent of all citations.
We examined the full texts of 662 (70 percent) of the identified citing articles that were available online and classified the reasons for citing using our five-category scheme (Table  1) .
It is well known that methodological papers proposing successful techniques, methods, or approximations can generate a large number of citations (Wikipedia contributors, "hindex", 2015). The most cited papers in our analysis are undoubtedly of that kind (67 percent) (Figure 1 ). The number of articles citing the results for comparison was very low (5 percent), and, given the controversial nature of the discipline, we were surprised to find only three articles citing the original paper for the reason of critical examination. https://dx.doi.org/10.22452/mjlis.vol22no1.2 had been the editor in chief of the Annals of Eugenics for 20 years . When Fisher became the editor of the Annals, it was subtitled "Statistical studies in genetics and human inheritance" (Weiss and Lambert 2011). Hald (2004) called him "a genius who almost single-handedly created the foundations for modern statistical science" (p.147), because Fisher pioneered the application of statistical procedures to the design of scientific experiments. According to an Internet source, Fisher is "the most influential scientist ever" (Fisher 2012) .
In "The use of multiple measurements in taxonomic problems" Fisher (1936) introduced and developed a linear discriminant model to distinguish the species from each other. The linear discriminant analysis (LDA) based on Fisher's model has been widely used in statistics, pattern recognition, and machine learning to find a linear combination of features which characterises or separates two or more classes or objects (Wikipedia contributors, "Linear discriminant analysis", 2015) . From 1955 to 2014, this paper garnered a total of 3724 citations in the Web of Science Core Collection. More than 60 percent of the citations were received from 2000 to 2014, 246 of which in 2014 alone. We inspected the full texts of 126 citing papers and found that the authors of 63 percent of the papers cited Fisher's model in the methodology section. We classified 60 percent of these papers as those that adopt the method or approach of the cited author (Category 3). Nineteen percent of the analysed papers mentioned Fisher's paper in the introduction or related section for historical reasons or as a previous work (Category 1), and 14 percent described or discussed the cited paper in more detail (Category 2).
We believe that such a large number of citations between 2000 and 2014 is owed to new applications of Fisher's model across a range of disciplines such as electronics, computer science, and robotics.
In "The wave of advance of advantageous genes" Fisher (1937) proposed the equation (Fisher's equation or Fisher-KPP equation) for describing the spatial spread of an advantageous allele and explored its travelling wave solutions in the context of population dynamics (Wikipedia contributors, " Fisher's equation", 2015) . This article received an impressive number of 1376 citations from 2000 to 2014, or 72 percent of all citations in the analysed period. Of the 142 citing articles published in 2014, we examined 103 full texts. Roughly half of them mentioned this Fisher's paper as a pioneering contribution, and the other half used his equation as a calculation model or as the basis for the development of their own methodology. The citations were found in journals covering various research fields such as applied mathematics, population genetics, and macroeconomics.
One of the top four cited articles was "The genetical structure of population", authored by Sewall Wright (1951) , who was a dominant figure in population genetics. He was on the Advisory Board of the American Eugenics Society, but, according to Provine (1986) , Wright never published on eugenics and did not believe that eugenics would achieve the intended benefits for mankind.
In a Citation Classic commentary published in Current Contents, Crow (1989) described this paper as a summary of the "ways in which population structure can lead to random genefrequency changes, both in domestic livestock and in natural populations" (p.17). He commented that an appendix to this article that describes Wright's method of path analysis and its applications in population genetics was especially useful. From 1955 to 2014, this paper received 3832 citations in the Web of Science Core Collection, 66 percent (2513) of which after 2000. We found 182 citing articles in 2014 and analysed 151 full texts (83 percent). Sixty-one percent of the citing articles mentioned Wright's paper in the methods section and we classified all of these papers as category 3, as they used "a practical or theoretical technique given in the cited paper" (Oppenheim and Renn 1978, p.226) . Introductions accounted for the rest of the citations, and we classified them all as category 1 -pioneering works in the field.
The most cited paper between 2000 and 2014 was "The estimation of map distances from recombination values", authored By Damodar D. Kosambi (1944) , an Indian mathematician, statistician, historian, and polymath, who contributed to genetics by introducing the Kosambi mapping function. According to Vinod (2011) 
DISCUSSION AND CONCLUSIONS
Our citation study has shown that the papers published by two ceased eugenics journals have left a strong imprint on a variety of disciplines over time. This confirms the findings of Asknes (2003) that highly cited papers receive citations from "close and remote fields". A number of reasons may have led to such a high number of citations from 2000 to 2014, and the main reason may be new research impulses triggered by old articles. Even so, considering how much time has passed since their publishing, the continuing interest and the direct influence of these papers on contemporary researchers are quite exceptional. In the citation study on the famous Watson and Crick's paper, Ahmed et al. (2004) found that 75 percent of the citations were for historical or background reasons (mainly found in the introduction section). We expected our results to be similar to Oppenheim and Renn's (1978) who found that about 40 percent of citations were for purely historical reasons. But our in-depth content analysis of papers cited in 2014 has shown that the reasons for citing were fairly different. The share of citations for purely historical (Category 1) and/or background reasons (Category 2) is much lower, and citations for methodological reasons (Category 3) accounted for two thirds of all citations (Figure 1 ).
Four most cited papers seem to exemplify Donoho's (2002) list of paper writing recommendations for how to get cited a lot. At the top of the list is: "develop a method which can be applied on statistical data of a kind whose prevalence is growing rapidly", followed by "in developing a methodology, leave room for improvement". He argues that statisticians create a steady stream of methodology which can be used and cited in many other fields. The first half of the 20 th century, the period between 1920 and 1944 in particular, was overflowed with mathematical and statistical applications in biology, especially in quantitative genetics, like those by the pioneers Fisher and Wright. Regardless of their research topics, these most cited papers had developed particular research methodologies that become valuable instruments in many scientific disciplines. These papers in addition have continued to influence more recent studies to date and the citation count was still increasing in the last decades.
